The yeast Candida boidinii ATCC 32195 produces a cell-bound red pigment during growth on 1% ethanol in the presence o f 0.05% monofluoracetate. Its isolation and purification are described. The structure was elucidated by chemical degradation and physical m ethods, m ainly mass and nuclear magnetic resonance spectroscopy.
Introduction
Several m icroorganism s show conspicuous col ouring caused by excretion o f colouring m a tte r into the m edia or pigm entation o f the cell. O ften carotenoides, phenazine and pyrrole com pounds, as well as azaquinones and anthocyanes, are responsible for these findings. Among the red com pounds p roduced by bacteria prodigiosin from Serratia marcescens [1] and som e analogous substances such as undecylprodigiosin from Streptomyces longisporusruber [2, 3] and a cyclic pigm ent from Alterom onas rubra [4] are well know n examples.
In the case o f yeasts red pigm ents are form ed by Candida pulcherrima [5] and Candida Upolytica [6] . T he first yeast produces pulcherrim in, a red pyrazine derivative, the latter th e an tib io tic try p tan th rin , derived from L-tryptophan. F requently the pigm ents are secondary m etabolites and are produced m ostly u nder growth lim iting conditions. T he red pigm ent o f the yeast Candida boidinii, first investigated b e cause o f utilization o f m ethanol as sole carbon source [7] , was observed durin g studies on citrate accum ulation in the presence o f inhibitors [8] . T he presence o f m onofluoracetate, besides ethanol as the carbon source, seem ed to be a prereq u iste for pigm ent form ation. and W agner [7] . O nly m ethanol was entirely re placed by ethanol and 0.05% sodium m o n o flu o race tate was ad d ed to th e synthetic m edium . T he o rg an ism was cultivated batchw ise in a 801 b io reacto r (type b 50, G io v an o la F reres SA, M onthey, Sw itzer land) fitted w ith an intensor system. 69.5 1 synthetic m ed iu m was ino cu lated w ith 0.5 1 o f a 24 h -culture o f Candida boidinii in the sam e m edium . In cubation was p erfo rm ed at 30 °C w ith a stirring rate o f 1000 m in -1 and an aeratio n rate o f 0.3 vvm w ith o u t ad ju stm en t o f the pH. A fter 72 h the cell suspension was h arvested by centrifugation at 6000 rpm for 20 m in and w ashed twice w ith 0.9% sodium chloride solution.
Isolation and purification o f the red pigm ent (1)
T he w et biom ass, 840 g from 70 1-ferm entation, was extracted th ree tim es w ith 1.2 1 acetone until the red colour was rem oved from the yeast. T he w atercontaining acetone solution was evaporated at 30 °C u n d er reduced pressure, the w ater-pigm ent-suspension was acid ified to pH 3 and extracted three tim es w ith 200 ml CC14. T he extracts w ere dried w ith so d iu m sulfate and evaporated to a viscous residue w hich was ap p lied to a short silica gel colum n (Kieselgel W oelm , IC N -P h arm aceu ticals G m b H , Eschwege). E lution w ith CC14, C C l4/aceto n e (25:1) and C C l4/a ceto n e (9 :1 ) led to sep aratio n o f lip o p h ilic products. 
Bayer-Villiger oxidation o f p-bromphenacylester (3 )
T he Bayer-V illiger o x id atio n on (3 ) was p er form ed using ra-chloroperbenzoic acid and trifluoracetic acid. A fter sap o n ificatio n w ith 1N N a O H / dioxane ( 1 : 1) and esterification w ith diazom ethane the reaction m ix tu re was analyzed by coupled gas ch ro m ato g rap h y and mass spectrom etry.
R esults and D iscussion
Form ation o f the red pigm ent (1) T he fo rm atio n o f th e red pig m en t (1) (see Fig. 1 ) is not grow th associated w hich is characteristic for a secondary m etabolite. In th e exponential growth ( 1) and its synthetic methylester derivative (2). T he analogous d egradation o f 1 and 2 w ith ch ro m ic acid only gave hem atim ic acid im ide or h em atim ic acid im ide m ethylester, the latter was hydrolyzed w ithin 4 h to the acid form . T he th ree reaction products were separated on silica gel plates and subjected to mass spectral analysis. T he relative intensities o f the m olecular and o th er ions, characteristic fragm entation p attern as well as the m etastable ions are identical w ith the literatu re d ata for these know n im ides. P relim in ary N M R m ea surem ents in d icated a long alkyl chain attached to the ch ro m o p h o re system. T hus to study the re m a in d er o f th e m olecule, the /?-brom phenacylester (3) was subjected to a Bayer-Villiger oxidation. A fter sap o n ificatio n and esterification dodecanoic acid m ethylester as th e solely fatty acid derivative was id en tified by g c/m s spectroscopy. T his result show ed th a t a 11-m em b ered alkyl chain is bound to the conjugated system via a keto group. F u rth e r structural elu cid atio n req u ired the analy sis o f th e *H and 13C N M R spectra o f 1 to 3. T he 400 M H z *H N M R spectrum o f th e m ethyl ester (2) is show n in Fig. 3 . C o m p ariso n o f this w ith the know n spectra o f th e bile pigm ents allow s im m ediate id en tificatio n o f tw o pyrrolic m ethyl groups at 2.09 and 2.17 ppm , a m ethyl p ro p io n ic ester group w ith chem ical shifts at 2.56 (t), 3.06 (t) and 3.67 (s) ppm and the ABX spin system o f a vinyl group w ith chem ical shifts at 5.70, 5.76 and 6.62 ppm , respec tively. T h ree sh arp m eth in e singlet signals, each co rresp o n d in g to one proton, are found at 5.94, 6.03 and 8.15 ppm , and two broad singlet peaks at 8.26 and 16.17 ppm corresponding to N H and a h y d ro gen-bonded enolic O H , respectively.
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As the assem bly o f the various units in the m olecule could not be reliably deduced from the shift d ata *H nO e difference spectra w ere recorded. Irrad iatio n o f the m ethyl group at 2.14 p pm gave pronounced nO e effects for the singlet at 6.03 ppm and the m ethylene groups at 2.56 and 3.06 p pm o f the propionic ester group. Irrad iatio n o f the m ethyl group at 2.09 ppm caused a significant effect for the signal o f the vinyl group at 5.70 ppm and a sm aller effect on the signal at 6.62 ppm o f the sam e group; no effect upon any o f the m ethine peaks was observed. Conversly irrad iatio n o f the m ethine signal at 6.03 ppm caused effects upon the vinyl group signal at 6.62 ppm and the m ethyl group at 2.14 ppm . T his d ata indicates the pyrrole rings are substituted as show n in Fig. 4 and have a m ethine bridge w ith a Z configuration.
An nO e effect on the signal observed upon irrad iatio n o f 5.94 ppm . T his was confirm ed 2.44 ppm w hich caused effects 1.66 ppm , and indicates th at this m ethine pro to n is in close proxim ity to the a-m ethylene o f the long alkyl side chain. F inally irra d ia tio n o f the low est field m ethine signal at 8.15 ppm caused a sm all effect upon the low field m ethylene signal o f the propionic ester side chain.
H ence the 'H d ata and o th er physical and ch em i cal d ata allow the follow ing structures show n in Fig. 5 to be proposed.
T he 13C data are given in T able I. T he assignm ents of the hydrogen-bearing carbons follows from the single frequency off-resonance pro to n decoupled spectrum and com parison w ith literatu re data. A l though the q uaternary carbons can not be u n am biguously assigned, th e ir general shift position at 2.44 ppm was the m ethine at by irra d ia tio n at at 5.94 ppm and Fig. 5 is the m ost likely structure for 2. T his is also com patible w ith the nO e data for the attach ed proton w hich interacts w ith the a-m ethylene o f the long alkyl side chain. T he second m ethine carbon, w ith a X J(C H ) value o f 154.1 Hz, has to be assigned to the carb o n ad jacen t to the second pyrrole ring and this value is in keeping w ith ^(C H ) values o f approx. 154 Hz found for the bridge m ethine car bons in th e bile pigm ents [13] . L actam -lactim and keto-enol tautom erism w ould then account for the problem s encountered in the p rep aratio n and sep aratio n o f these com pounds.
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